Using spatial econometric analysis technique, the spatial weight matrix constructed according to the geographical features of the sample cities, and the spatial lag model (SLM) and spatial error model (SEM) based on the environmental Kuznets curve (EKC), this paper empirically investigates the spatial autocorrelation and the socioeconomic influential factors of urban carbon emissions in China through data of 280 cities in 2013. The research shows that urban carbon emissions in China is significant positive spatial autocorrelation; and the relationship between GDP and urban carbon emission is N type curve, which shows the environmental Kuznets (EKC) curve of the inverted U is not existence at the present stage of urban carbon emission; In addition, the secondary on urban carbon emissions is not significant and negative correlation. While the amount of motor vehicles, the foreign investment and the urban population have significant and positive influences on urban carbon emission. As a result, a series of comprehensive measures in both social and economic aspects as well as the regional coordination of environmental policies are needed to reduce urban carbon emission.
INTRODUCTION
Over the three decades since reform and opening up, China has made great achievements in the economic development, but massive energy consumption and environmental problems arising posed a serious challenge to China's development; at the same time, global warming and deterioration of ecological environment as a direct result of massive carbon energy consumption have also increasingly attracted attention from governments around the world. In this context, scholars conducted a series of studies on carbon emissions. Numerous studies show that carbon emissions are closely related to human activities and land use/land cover change (Larson et al., 2012) , and CO2 emission in cities has the most profound impact on the ground surface account for 80% of global CO2 emissions (Han et al., 2016) .
Cities are spatial systems that gather massive population, economy, technology, culture and resources, which have a primary function to pursue economic, social and environmental benefits. Previous studies on the causes of carbon emissions more focused on the impact of energy option, energy efficiency and urban space expansion. Currently in China, scholars' findings on carbon emission factors more focus on the regional level, but empirical research on the relationship between urban carbon emissions and economic and social development is insufficient. China, as a major energy consumer, is facing heavy tasks in emission reduction, therefore the study of factors causing carbon emissions at city level is of realistic policy significance for the development of energy saving policies and improvement in environmental problems.
LITERATURE REVIEW
Since the 1990s, massive research literature on the relationship between economic and social development and environmental quality has emerged, most of the research findings are based on the Environmental Kuznets Curve (EKC), and meanwhile the analyses of relationship between carbon emissions and economic and social development more use this method. EKC was proposed by the American economists G. Grossman and A. Kureger, who found an inverted U-shaped relationship between economic growth and environmental problems, that is, as the economy grows, the environmental quality first worsens and then improves (Kankesu, 2012; Victor, 2011) . Numerous verifications and discussions (Li, 2014; Diao, 2009; He, 2012; He, 2009 ) on EKC appeared subsequently; although controversial, the academia generally accepted the use of EKC to study the relationship between environmental problems and economic and social development. At the same time, some scholars took carbon emissions as a representative factor of environmental problem to verify the link with the change of economic and social factors (Wagner, 2015; Lin, 2009) . As a major regional unit of carbon emission, the city has a more direct impact of on carbon emission compared to the national and regional development. Therefore, this paper took the impact of urban development on carbon emission as a research focus.
The above empirical research on pollutant emission (including CO2) all has a hypothesis that the economic growth of a region only affects pollutant emission in it and the surrounding regional economic development and pollutant emissions will not have an impact on it, but obviously this hypothesis is not consistent with the actual situation. In accordance with the first law of geography, geographical objects or attributes in the spatial distribution are related to each other, with the presence of clustering, random and regularity, and the shorter the distance, the stronger the correlation (Chang,2015) . Many scholars rethought the importance of spatial factors in the study of environmental problems. For example, Anselin (1988 Anselin ( , 2001 ) emphasized the introduction of spatial econometrics into research of economics of environmental resource (Nazmul,2010); Maddison (2007) argued that because the city and the region are adjacent to each other, adjacent cities and regions have inevitable mutual influence, and data with spatial attributes (Maddison, 2007 ) must be applied in the verification of EKC. Chinese cities differ in the level of development, and cities in different regions have different industrial types, therefore, the study of the impact of urban carbon emission factors is bound to take into account the spatial factors. Existing empirical methods of carbon emission more use ordinary least squares (OLS) and generalized least squares (GLS), but these methods apparently ignore the spatial correlation and spatial spillover effects.
In recent years, there are also some empirical findings on the application of spatial econometrics to research the relationship between environmental problems and economic and social development (Daniel,2013; David, 2013; Oussama, 2015) . For example, Hossein and Kanek (2013) studied a country's spatial spillover in recent decades to the institutional quality of its neighbors and found a significant impact of spatial spillover on the environmental quality of surrounding countries; Xu and Deng (2012) found that Chinese provincial FDI has significant spatial autocorrelation with environmental pollution, both of which have a significant characteristic of path dependence in terms of geographical distribution and form different clustering areas.
Through the above literature review, the research methods of this paper were mainly from two aspects. First, city-level data was used to establish an EKC empirical analysis framework of urban carbon emission and urban economic and social development factors and estimate the EKC relationship between them. Second, the spatial error model (SEM) and spatial lag model (SLM) were used to avoid deviation arising from the ignored spatial correlation and meanwhile test the robustness of the results.
SCOPE OF STUDY, DATA SOURCE AND METHODOLOGY

Scope of study
According to China City Statistical Yearbook (2014), there are a total of 290 mainland Chinese cities at prefecture level and above by December 2013. Taking into account the access to data, changes in administrative regions and other factors, the paper selected 280 cities at prefecture level and above as the research objects, excluding 10 cities: Sansha, Jiayuguan, Jinchang, Baiyin, Tianshui, Wuwei, Pingliang, Longnan, Wuzhong and Guyuan.
Data source
The data used in this paper are mainly consumption of various energy (ton), per capita GDP (yuan), proportion of the second industry (%), vehicle amount (10,000vehicles), used foreign investment (10,000 dollars) and population density (persons/ km2) of each city at prefecture level and above in 2013, the above data were from China City Statistical Yearbook (2014), and the missing economic and social data of some cities were complemented by government work reports, Statistical Communiqué of the People's Republic of China on National Economic and Social Development and statistical yearbooks of provinces (municipalities and regions) ( Table 1) . 
Per capita GDP (PcGDP)
Per capita GDP reflects the approximate level of economic development of a region, which means the level of economic development and the emissions of environmental pollutants having important relevance (Xu, 2015) . In this paper, the per capita GDP of 280 cities above prefecture level in China in 2013 is selected as explanatory variables. Friedel (2004) found that the level of carbon dioxide emission and economic growth was three times the square (Olivia, 2011) , and this feature is more obvious in industrialized countries (Mitchell, 2011) .Taking into account the actual level of development of Chinese cities, the per capita GDP of the squared term and the third term will also be brought into the model, which tests nonlinear relationship between carbon emission and per capita GDP if it exists.
Proportion of the second industry (SEC)
In accordance with the foregoing, the second stage of industry mainly in Chinese cities and CO2 emission mainly from secondary industry, the Proportion of the second industry has become the most direct and most significant factors affecting carbon emissions. Therefore, the industry in the second percentage of GDP is one of the explanatory variables in this paper.
Vehicle amount (VEH)
Chinese urban vehicle population increased rapidly in recent years, according to Xinhua reports, by the end of 2014, the vehicle population in China reached 264 million amount (Xinhua Net, 2015) . This situation not only increased the city's carbon emission, but also increased environmental pollution and urban traffic pressure. Thus, the vehicle amount is also used as an important variable and introduced in this paper.
Used foreign investment (FDI)
With the economic globalization and the global division of labor increasingly strengthened, China's economic ties with the world more closely and a large number of FDI enters China which has a dual impact on urban carbon emission in China. On the one hand, the promotion of new production and energy-saving technology helps to save energy and reduce emissions of pollutants. On the other hand, some cities reduce the environmental control standards in order to attract foreign investment, which causes high energy consumption and high pollution industries to increase. Therefore, this article actually utilizes used foreign investment as an important explanatory variable.
Population density (PopD)
The population density is often introduced as an important control variable to the empirical research related EKC (Halkos, 2013) . For one thing, the densely populated city means more energy consumption. For another, the urbanization and industrialization of the population concentrated areas are higher.
Methodology
Calculation of urban carbon emissions
According to the IPCC report (IPCC, 2007) , urban carbon emissions are mainly from fossil energy consumption. Thus, the estimation of urban carbon emissions was primarily based on energy consumption. In this paper, an urban carbon emission model was built based on energy consumption:
(1) Where is carbon emissions in city i in 2013, is consumption of energy j of city i, and is carbon emission factor of energy j. According to existing research and China Energy Statistical Yearbook, China's energy consumption is concentrated in nine kinds of energy: coal, gasoline, diesel, natural gas, kerosene, fuel oil, crude oil, electricity and coke.
However, China Energy Statistical Yearbook does not include energy consumption data at the city level. Thus in order to calculate the accuracy and authority of data sources, the data on urban energy consumption were mainly from China City Statistical Yearbook (2014). The urban energy consumption in this yearbook includes: coal, natural gas, electricity and liquefied petroleum gas.Therefore, the energy consumption in Formula (1) includes these four kinds of energy. As shown in Fig. 1 , the carbon emissions at city level are more in the east and fewer in the west, and eastern cities with large carbon emissions are mainly concentrated in the Bohai Economic Rim, the Yangtze River Delta and the Pearl River Delta, and this feature is consistent with China's current economic location feature. In addition, neighboring cities also have similar carbon emissions, which indirectly verify the spatial autocorrelation of Chinese urban carbon emissions. 
Spatial Econometric Models
According to the above review, the spatial effect of urban carbon emissions is mainly spatial dependence and spatial heterogeneity. Spatial heterogeneity means carbon emissions in the city having very high spatial heterogeneity due to the difference energy use; The spatial correlation is mainly manifested the carbon emission affects each other in the adjacent areas. Spatial autocorrelation could be measured by Moran's I statistics. The Moran's I is calculated using the following formula:
Where is the observation value of area and is the number of area. The is the element in the spatial weights matrix W corresponding to the geographic districts (i , j). The Moran's I index ranges from-1 to 1. A positive value of Moran's I indicates a positive spatial autocorrelation; a negative value implies a negative autocorrelation; and 0 means no spatial correlation. The spatial econometric models for spatial autocorrelation could be considered as the extensions of conventional regression models by incorporating the spatial effects explicitly.
We use spatial lag model (SLM) and spatial error (SEM) model to test the spatial correlation in this paper, the two formulas are following show:
From formulas (3) and (4), where is a vector of dependent variables, is a matrix of explanatory variables, is the spatial weight matrix, and WY is a vector of spatial lag dependent variable. is a spatial regression coefficient that reflects the spatial dependence of the sample observation. is a vector of parameters and is a normally distributed disturbance term with a diagonal covariance matrix. is an i.i.d residual. The parameter is the spatial autoregressive coefficient that reflects the influences of the residuals of adjacent area on the residuals of the local area.
In order to avoid the coefficients would be biased (for SLM) and/or inefficient (for SEM), we use maximum likelihood estimation method (ML) in this paper. Meanwhile, spatial lag and spatial error models as well as the Moran's I statistics and the corresponding test are all estimated using the corresponding programs in LeSage's Spatial Econometrics MATLAB toolbox. It's important to set accurately spatial weights matrix, in this study we use the reciprocal of the geographic distance between two cities i and j as the corresponding element wij of the spatial weight matrix, and then the matrix is row standardized to get rid of the effect of the unit.
According to the above review, the specification of EKC with cubic term of GDP per capita is more appropriate for industrialized countries. Taking into account the development level of city higher than region in China, GDP per capita and its squared term (both in logarithmic form) as well as its cubic term are incorporated in the regression equation (Urban Growth and Climate Change, 2008) .The regression equation could be expressed as:
From formula (5), Y is dependent variable(CO2 emission in this study); is the natural logarithm of GDP per capita; represents the vector of other explanatory variables including the industry structure, vehicle volume and used foreign investment as well as population density. The data were normalized before the logarithm.
Through the above definition, the spatial lag model and the spatial error model in this paper can be expressed as:
From formula (6), is the spatial lag.
From formula (7), = +
THE RESULTS AND DISCUSSION
Spatial autocorrelation test
Spatial autocorrelation can be tested by Moran's I. From the Moran scatterplot of urban carbon emission (Figure 2 ), Moran value is positive and passes the 1% significant level test, which shows that there is extremely significant spatial autocorrelation in China's prefecture level city carbon emissions in 2013. This result suggests that the cities in the high-high quadrants have a high potential for exporting pollution to their neighboring cities, and conversely cities with low air pollution "cluster together" with other low polluted cities. The slope of the simple trend line is Moran's I. For carbon emission the Moran's I statistic is 0.31, respectively. 
Note: In parentheses the t-values are given. ***, **, *indicate significance at the 1%, 5% and 10% levels, respectively. For the dependent variables, ln(CE) indicates the logarithmic carbon emission, respectively.
Spatial econometric regression results
To test which spatial econometric model is more appropriate, at first we conduct the conventional OLS estimations and perform the corresponding (robust) LM lag and LM error tests for the two spatial econometric estimators. The results are presented in Table 2 .
From Table 2 , all quadratic income and cubic income for carbon emission are statistically significant which supports the EKC hypothesis for carbon emission. The regression coefficient of VEH, FDI and PopD are as positive, and pass the test of significance, suggesting that the increase of car ownership, the amount of foreign capital actually utilized growth and urban population density increased, which will cause the increase of the carbon emissions of the city. However, the regression coefficient of industrial structure is not through the significant test of 10% level, and the influence of City carbon emissions is negative. In addition, besides the test of Model (5) (3) and (4), it is noteworthy that all of the spatial autocorrelation parameters ρ and spatial autocorrelation coefficients λ in both SLM and SEM estimations for carbon emission are statistically significant at 5% level, indicating that the spatial dependence presented in the datasets has been captured by both spatial econometric models. Moreover, the high values for both ρ and λ also indicate the apparent spatial spillover effects of carbon emission. These results suggest that an increase in the carbon emission of neighboring cities by 1% would cause the rising of carbon emission in the city by approximately 0.2%, other things being equal.
The carbon emission of citiesis not only affected by the carbon emission from the neighboring cities, but also affected by the structural differences between cities.These structural differences in the level of economic development in various cities, industrial structure, motor vehicle ownership, the level of urban investment, the size of the population and other factors not included in this paper have difference also.
The coefficient of GDP per capita has a significant positive correlation with the carbon emission, but the coefficient of quadratic term coefficient shows a negative correlation, and the coefficient of the three term is significantly positive. Therefore, the relationship between GDP per capita and urban carbon emissions shows a N curve shape.
The regression coefficient of industrial structure does not through the significant test for 10%, and shows a negative impact on urban carbon emissions. Namely, with the secondary industry output value accounted for the proportion of the city's GDP rising, urban carbon emission will reduce. There are two reasons to explain it. On the one hand, the mode of production in the second industry transforms from extensive to intensive and the products with higher value-added; On the other hand, more new energy applying in the second industry and energy efficiency having also been improved, which reduce the energy consumption of the second industry. This shows that the development of China's new industrialization has achieved initial results. It can be predicted that with the further adjustment of industrial structure and the progress of technology, energy conservation effect will be more significant.
Table 3
The SLM estimation results for Eq. (6). The regression coefficient of industrial structure does not through the significant test for 10%, and shows a negative impact on urban carbon emissions. Namely, with the secondary industry output value accounted for the proportion of the city's GDP rising, urban carbon emission will reduce. There are two reasons to explain it. On the one hand, the mode of production in the second industry transforms from extensive to intensive and the products with higher value-added; On the other hand, more new energy applying in the second industry and energy efficiency having also been improved, which reduce the energy consumption of the second industry. This shows that the development of China's new industrialization has achieved initial results. It can be predicted that with the further adjustment of industrial structure and the progress of technology, energy conservation effect will be more significant.
Dep.Var LnCE
Model (1) (2) (3) (4) (5)(6)
Table 4
The SEM estimation results for Eq. (7). Worldwide, the transportation industry is the main industry of energy consumption and carbon emission. The transportation sector has been consuming about 30% of the total energy in developed countries. Over the past ten years, the global CO2 emissions increased by 13%, while the growth rate of carbon emission from transportation has being more than 25% (China climate change Info- Net, 2008) . From the regression results of Table 3 and  table 4 , we can see that the regression coefficient of motor vehicle is positive, and in 1% of the significant test. Estimation results based on SEM show that the number of urban motor vehicle increases by 1% would lead to an increase in urban carbon emission by 0.25%, and other conditions held constant. As a result, under the background of the rising of automobile in China, the urban carbon emission caused by automobile would become an important environmental challenge for China.
Dep.Var LnCE
Similar to vehicle population, the FDI is also an important source of carbon emission, because the coefficients of explanatory variable FDI are significantly positive in most of the specifications of Tables 3 and 4 . The estimation results indicate that a higherFDI would contribute to higher carbon emission. There are two reasons for this phenomenon. For one thing, a part of the city government reduce the level of environmental regulation as one of the important means to attract foreign investment; For another, companies sensitive to environmental regulation will choice cities having flexible environment policy to reduce the cost.
However, the effect of population density on carbon emission is ambiguous. The coefficients of population density turned out to be positive but statistically insignificant. Only in two models (model (5) in Table 3 and model (6) in Table 4 ), the estimated coefficients of population density are significantly positive. These results suggest that the population gathering tends to increase urban carbon emission, but the effects are not strong enough to be statistically significant. As a result, the rapid urbanization in China, especially the dramatic expansion of big cities with high population density may bring about more urban carbon emission, although the severity of the impacts of population gathering on carbon emission is still controversial.
CONCLUSIONS AND IMPLICATIONS
The exploratory spatial data analysis was used to discuss the distribution pattern and factors of urban carbon emissions, and Moran's I distribution map was used to analyze and verify the spatial autocorrelation of urban carbon emissions. In addition, the spatial lag model (SLM) and spatial error model (SEM) were applied to the empirical analysis of the socio-economic factors affecting urban carbon emissions. Main conclusions and implications are as follows:
Firstly, carbon emissions in Chinese cities have significant spatial autocorrelation, and urban carbon emissions from different clustering regions, which are consistent with the location distribution of urban economic development scale. This shows that China's urban economic development is strongly dependent on energy, and there is a long way to go to promote urban low-carbon economy.
Secondly, it was found that urban carbon emissions at this stage are less affected by the development level of secondary industry and show negative effects, thus the adjustment of new road to industrialization of cities at the prefecture level and above has achieved initial success.
Thirdly, the vehicle amount significantly increases urban carbon emissions. Future urban vehicle management is not limited to the number of motor vehicles, but advocates public transport and green travel, while promoting green recyclable energy and low-emission vehicles.
Fourthly, the use of FDI at this stage is not conducive to the reduction of carbon emissions in Chinese cities. On the one hand, the influx of FDI increases the energy use of the city, and on the other hand, compared to the developed countries and regions, the production technology level and environmental standard to input FDI is low with large resource consumption. From this point of view, the hypothesis of pollution haven makes sense at the city level. In addition, in the pursuit of urban development, the quality of foreign investment must be strictly screened and reviewed to improve the urban environment access barrier. Urban managers are expected to rethink the relationship between urban development and resources and environment.
Finally, subject to limited access to data, cross-sectional data were used to make a spatial econometric analysis on China's urban carbon emissions in 2013. This study can be used as an initial exploration of the relationship between urban carbon emissions and socio-economic factors in the field of spatial econometrics, and it is expected to obtain more data in the future to make further research and exploration.
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